Introduction
Ovarian cancer remains one of the most challenging and lethal cancers affecting women today, despite advances in surgical management, supportive care, and chemotherapy. Current practice guidelines are largely based on evidence generated by clinical trials that have been conducted through international collaboration. Consensus on research methodology can accelerate the design and accrual of pivotal trials while minimising regional bias.
The Gynecologic Cancer InterGroup (GCIG) has sponsored a series of Ovarian Cancer Consensus Conferences (OCCC) beginning in Elsinore, Denmark (1993) [1] , followed by Bergen aan Zee, the Netherlands (1998) [2] , Baden-Baden, Germany (2004) [3] , and Vancouver, Canada (2010) [4] . The fifth OCCC was convened in Tokyo, Japan (2015) , incorporating 29 individual clinical trial groups, with the mission to establish international consensus for designing better clinical trials.
This manuscript provides an overview of the consensus process and outcomes, together with analysis of unmet needs. Individual manuscripts can be consulted for a more detailed discussion of key topics [5] [6] [7] [8] [9] .
Methodology
The methodology utilised to support the Fifth OCCC followed previous guidelines [3, 4] . A Scientific Planning Committee (SPC) was convened in 2013 to develop the agenda and key topics, including critical questions to be addressed in trials over the subsequent 5 years, with an emphasis on: individualised therapy and patient factors, first-line intervention, rare tumours, recurrent disease, and incorporating patient-reported outcomes (PROs) and quality of life (QoL). The meeting was hosted by The Jikei University in Tokyo, Japan from 7 to 9 November 2015 with a total of 95 invited delegates and 92 attendees.
The detailed consensus process has been previously described [4] . In view of the number and diversity of topics, a considerable amount of development was required during the 18 months before the actual conference. Consensus statements were drafted in advance for consideration by the SPC and member groups. The conference provided a venue for collaborative discussion and refinement of statements to achieve consensus across the 29 groups.
The Fifth OCCC produced a total of 15 final consensus statements, in accordance with the mission to achieve an 'International Consensus for Designing Better Clinical Trials'. Full consensus (29/29 groups) was obtained for 11 of the 15 statements, with 28/ 29 groups agreeing to 3 statements, and 27/29 groups agreeing to 1 statement. Areas of unmet need were categorised and discussed, but without consensus voting. Three critical categories (clinical, pathology, and biomarkers) of initial factors were identified as important for trial design, including potential stratification, depending on trial size and clinical context (A1). Substantial advances in molecular diagnostics were noted, although histopathological classification remains the gold standard [5] . Details of tumour grading for specific histological types were added. Emerging evidence has affected the need for stratification by germline mutation testing including BRCA1/2. Analysis of other genes associated with homologous recombination deficiency (HRD), other than BRCA1/2, and 'functional tests' predicting HRD are not yet established but could substitute for mutation analysis, pending validation.
Summary of consensus statements and unmet needs
Unmet needs included the development and validation of an intra-operative scoring tool to document initial and residual sites of disease, as well as a consideration to adopt post-operative imaging to provide radiographic documentation of residual disease. In view of the increased utilisation of NACT with interval cytoreductive surgery (ICS), there is a need to standardise staging and response assessment criteria for this patient population. It would also be desirable to have validated tools to document chemotherapy response scores following NACT that could be utilised as a surrogate end point. In addition, standards for immunological assessment pre-and post-therapy, including lymphocyte infiltration scores, T-cell subsets and tissue localisation, and immunohistochemical assessment of key markers.
Assessment of TFI has become more complex with incorporation of maintenance therapies (such as bevacizumab), and requires appropriate annotation (A2). Assessment of the platinum-free interval (PFI) should consider the line of therapy (primary versus recurrent) and methods of clinical assessment to determine recurrence or progression. It was recognised that the categorisation of platinum resistance is not dependent on a specific PFI, and that PFI is best considered as a continuous variable, allowing flexibility in the definition of eligibility criteria within the context of a specific trial.
Race and ethnicity could be incorporated as important stratification factors in future trials, and the definition and categorisation of race/ethnicity would benefit from international harmonisation. Clinical trials in specific subpopulations, including the frail and elderly, should be considered, with adoption of appropriate assessment tools for patient categorisation. Older and/or vulnerable patients are not adequately represented in clinical trials, and poorly characterised, limiting agreement on standards of care.
B. First-line interventions B1: Clinical subgroups that should be used for comparator studies
• After diagnosis of advanced-stage disease, patients should be assessed (with a gynaecological oncologist) for primary cytoreductive surgery or primary NACT with the option to undergo ICS, defining two major clinical subgroups. The goal with primary surgery is macroscopic complete resection.
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After primary surgery, the extent of residual disease must be clearly documented (no macroscopic residual versus 1 cm or > 1 cm macroscopic residual).
• After primary chemotherapy, two clinical subgroups emerge: those who are candidates for ICS and those who are not suitable for surgery. If patients undergo ICS, the extent of residual disease must be clearly documented. Patients not suitable for ICS include those with progressive disease and those medically unfit for surgery.
• Patients receiving NACT should be considered for novel combination therapy trials, particularly window of opportunity studies.
B2: Control arms for trials of first-line therapy
• Intravenous 3-weekly carboplatin and paclitaxel remains the standard chemotherapy regimen for first-line therapy in advanced stage ovarian cancer.
• Acceptable additions or variations in dose, schedule, and route of delivery should be supported by at least one clinical trial demonstrating non-inferiority or superiority to a taxane/ platinum. So far, the following alternatives have been identified: Weekly intravenous paclitaxel is an acceptable alternative to three weekly intravenous paclitaxel in combination with 3-weekly intravenous carboplatin. The addition of bevacizumab to the control arm after primary surgery is acceptable. Intraperitoneal therapy after primary surgery with less than 1 cm residual disease. If more than one regimen is included in the control arm, patients should be stratified for these regimens.
• Trials are needed to define the control arm for elderly and frail patients, with incorporation of a comprehensive geriatric assessment.
• If chemotherapy is to be used in early-stage disease, platinum-based chemotherapy should be the control arm.
The timing of cytoreductive surgery and the extent of residual disease remain important as integral prognostic factors that define clinical subgroups in advanced-stage disease (B1). However, better methods are needed to triage patients between primary surgery and NACT, such as tissue-based molecular markers, functional imaging, laparoscopic assessment, and comorbidity scores. Notwithstanding alternatives for the control arm, this statement (B2) has not changed markedly since the last consensus conference. Issues to be considered in first-line therapy include early stage disease, incorporation of maintenance therapy, development of histology-specific treatment regimens, sequence of surgery and chemotherapy, and modifications to address patient factors (comorbidities and geriatric assessment).
B. First-line interventions (continued) B3: End points for first-line trials
• Overall survival (OS) is the ideal primary end point for firstline trials (þ/À maintenance), but superiority is difficult to demonstrate due to long post-progression survival and crossover.
• Progression-free survival (PFS) measured with validated assessment tools is a valid primary end point.
• If PFS is utilised as primary end point: the projected magnitude of benefit should be considered clinically relevant and clearly exceed risk; methods should be employed to reduce bias and informative censoring; pre-specified assessment schedules must be applied consistently across treatment groups at intervals shorter than projected PFIs; OS must be measured as a secondary end point; PFS should be supported by additional end points such as time to first or second subsequent treatment, relevant PROs, severity of adverse effects and pharmaco-economic evaluation.
• PRO should include prospective QoL assessment using validated tools; assessment methods should be tailored to the design of the trial, with specific methodologies developed to measure QoL in maintenance trials.
• Specific additional end points should be defined for neoadjuvant 'window of opportunity' studies. In addition to PFS, examples include total gross resection rate, treatment response score and molecularly defined end points.
With expanded treatment options, patient crossover to new treatments, improvements in primary therapy, and better supportive care, it has become more difficult to demonstrate clinicallysignificant improvements in OS using conventional phase III trials (B3). This has focused attention on strategies to enhance the value of PFS as a primary end point, and to establish a more robust association between PFS and clinical benefit, using PROs and other QoL measures [9] . It has also encouraged the development of potential surrogates for OS, such as time to second subsequent therapy. Adoption of these hybrid end points within clinical trials, and their potential utilisation during regulatory review, will require uniform definitions, validated assessment tools, and collection of extended and more detailed post-progression treatment and outcomes data [6] .
C. Rare tumours C1: Research issues/needs unique to rare ovarian tumour types
• An international harmonised consensus definition of histopathology diagnostic criteria for each rare ovarian tumour type is needed for the purpose of trial and registry eligibility. Expert pathological review is a necessary quality requirement before trial or registry participation.
• Priority should be given to translational research studies and the identification of novel therapies.
C2: What should be investigated in rare epithelial ovarian cancer (eOC), germ cell tumours (GCTs) and sex-cord stromal tumours?
• Rare eOC: if indicated, platinum-based chemotherapy is a standard for high-risk early-or advanced-stage rare eOC, and should remain the control arm. Rare eOC is a distinct entity and should be studied separately; dedicated rare eOC trials should be encouraged. Low-grade serous cancer (LGSC) and CCC can continue to be included in ovarian cancer trials where the question is relevant but stratified on entry and analysed as distinct biological entities. Utilisation of well-defined pathology/translational studies will allow analysis across trials.
• GCTs: definition of a prognostic scoring system in post-pubertal females to guide therapy. Biomarker development, in particular, to investigate any molecular differences between male and female GCTs.
• Sex-cord stromal tumours (SCSTs): there is an urgent need for a prognostic system. The role for systemic treatment after completely resected advanced or relapsed disease should be investigated. Alternatives to the current bleomycin-etoposide-platinum (BEP) regimen are needed.
C3: Are randomised trials possible?
• Randomised trials are feasible in rare epithelial ovarian tumours, but international collaboration is required.
• Randomised trials of adjuvant therapy versus surveillance in low-/intermediate-risk GCT are feasible only with international collaboration.
• Randomised trials in poor prognosis or relapsed GCT are best carried out as a subset of male and paediatric germ cell studies.
• Phase III trials are unrealistic in SCSTs but randomised phase II studies are possible with strong international cooperation.
Although there is emerging evidence to suggest the presence of distinct molecular profiles in rare eOC subtypes, including
LGSC, CCC, and granulosa tumours, there is insufficient validated data to alter current recommendations for primary platinum-based chemotherapy as a control regimen [7] . Trials in these rare subtypes, including exploratory non-randomised cohorts, would clearly benefit from international collaboration. In addition, as promising subtype-specific adjuvant chemotherapy regimens emerge, definitive evaluation would generally require a randomised trial. Specific areas of unmet need that could be addressed through international collaborative randomised trials were identified to guide future research (C2, C3).
Other examples of unmet needs in rare tumours include:
• LGSC: selection of patients to be managed with observation alone after complete surgery, development of more effective primary treatment of advanced LGSC, optimising the role of endocrine therapy, identification of predictors of response to MEK inhibitors, potential role of targeting the microenvironment (angiogenesis and host immunity).
• CCC: selection of patients with early-stage tumours for observation alone after complete surgery, exploration of nonchemotherapy treatment options.
• GCT: selection of patients that could be safely managed with surveillance following initial surgery, validation of a robust prognostic scoring system to guide therapy, development of less toxic alternatives to BEP.
• SCST: improved prognostic algorithm that incorporates histological parameters, identification of high-risk tumours that may benefit from adjuvant treatment, development of alternative chemotherapy regimens.
D. Recurrent disease D1: What are the subgroups for clinical trials in recurrent ovarian cancer?
• Trials in recurrent ovarian cancer should incorporate the following to define the trial population: TFI, TFIp (platinum), TFInp (non-platinum), TFIb (biological agent to be specified). Histological type. BRCA status (gBRCA and others including somatic BRCA and HRD to be considered as data emerge). Type of prior therapy (anti-angiogenic agents, PARP inhibitors, chemotherapy, and others). Number of prior lines of chemotherapy (trials should not be limited to second or third line). Presence or absence of symptoms and types (e.g. ascites, abdominal symptoms, pain, performance status). Other factors to be considered include tumour volume and previous surgical outcome.
• Separate trials are needed for populations with unmet needs:
Medically compromised and/or elderly patients. Multiple lines of prior chemotherapy.
D2: What are the control arms for clinical trials in recurrent ovarian cancer?
• In patients where platinum is not an option, a control arm can include a non-platinum drug as a single agent or in combination.
• The choice of control arms for the subgroup who can receive platinum must be supported by evidence, and it must integrate available predictors as well as prior exposure, which may limit the selection for further lines of therapy. This currently includes three potential control arms: platinum combination, platinum combination with a licenced anti-angiogenic agent, platinum combination followed by a licensed PARP inhibitor (maintenance).
• A subgroup exists (e.g. medically compromised and/or elderly patients) where less toxic therapy or best supportive care may be the most appropriate control arm.
• There is no proven effective therapy for patients who have asymptomatic CA-125 relapse.
It is now established that tumour histology and molecular signature influence the outcomes of conventional chemotherapy, as well as emerging targeted agents [8] . The consensus statement ensures that these important variables will be used to categorise individual patients comprising study populations in recurrent ovarian cancer (D1). Depending on the size and nature of randomised trials, some of these factors should be considered for stratification, such as previous treatment, TFI, and utilisation of specific maintenance therapy, which may influence the response and outcomes to protocol-directed therapy. Control arms for clinical trials in recurrent ovarian cancer need to consider prior therapy, TFI, potential contraindications for platinum re-challenge (including allergic reactions), and available clinical-molecular predictive markers (D2). At present, there is insufficient evidence to support assignment of specific control arms according to outcomes from secondary cytoreductive surgery, although this could be a used as a stratification factor in randomised trials. Patient subgroups with special needs related to medical comorbidities, disease-related symptoms, physiological age, or multiple prior therapies, were recognised, but there was no consensus in terms of modified control regimens, which will require further investigation. The definition of end points for clinical trials in recurrent ovarian cancer has become more complex over the last few years. This is related to several factors, including an increased number of trials with prolonged maintenance therapy in the setting of smallvolume asymptomatic disease, as well as the selection of patients according to tumour histology, germline mutation status, or tumour molecular profiles. In addition, as noted in primary therapy, investigators must also consider cross-over and access to additional treatments that can obscure any potential impact on median overall survival. Taken together, these points have emphasised the importance of integrating PRO and QoL to enhance the value of PFS, and the utilisation of hybrid end points, such as TSST, as a surrogate for overall survival. It is uncertain how regulatory authorities will respond to these newer initiatives, but with international standardisation, it should enhance the review and approval process for new agents by providing a more robust measure of clinical benefit. Clinical trials in patients with an asymptomatic CA-125 progression remain an area of interest. Well-designed trials of targeted therapies or immune checkpoint blockade in patients with a low tumour burden are under consideration.
Discussion Conclusions
The Fifth OCCC provided international consensus on 15 important questions to design and pursue future clinical trials and research in ovarian cancer in the era of molecular target agents. The number of member groups participating in the Fifth OCCC increased to 29 from 13 in the Third OCCC and 23 in the Fourth OCCC. Achieving an international standard of research practice remains a challenging goal, for political, social, and cultural reasons. However, evidence from clinical trials should inform an international consensus. The high acceptance rate of statements amongst member groups reflects the fact that common questions and equal values are shared. Future clinical trials in women with ovarian cancer which are based on consensus will result in greater impact on the outcome for this population.
In addition to specific unmet needs, it is important to recognise the generally increasing cost of clinical research, from both a monetary and non-monetary perspective. Financial toxicity, including the patient burden associated with 'out-of-pocket' expenses, represents an additional toxicity to therapy [42] . As high-priority trials are carried out in a resource poor environment, these aspects merit our thoughtful consideration.
